MATERIAL AND METHODS
Study site and experimental design. The 3-year field experiment was carried out in plantation established in 1997 on an experimental field owned by the University of Natural Sciences and Humanities in Siedlce (52°17'N, 22°28'E). Soil had the texture of loamy sand. The soil was of neutral reaction (pH in 1 mol KCl/dm 3 -7.04). Its abundance in available phosphorus and potassium was considered as very high (Table 1) . At very high soil fertility in available phosphorus and potassium (Table 1) , phosphorus and potassium fertilizer was not applied.
The experiment was performed in a completely randomized block with four replace included by two treatments. First treatment: 1. control (with no fertilization); 2. ( 15 NH 4 ) 2 SO 4 . The second factor was the years of research (1 st , 2 nd , 3 rd ). Nitrogen 15 N at 10.3 at % enrichment was applied in a form of ( 15 NH 4 ) 2 SO 4 at the amount of 1.66 g/m 2 in early spring. In the trial eastern galega (cv. Gale) was cultivated. Experimental microplot area was 3 m 2 (1.5 m × 2 m). 1 st , 2 nd , and 3 rd cut of eastern galega was harvested at budding stage in each year of the study.
Sampling and analyses. During the harvesting eastern galega of subsequent cuts at budding phase of, samples of herbage were collected, dried and ground. A collection of three consecutive swaths eastern galega performed at a height of 15 cm above the soil surface. Analysis was performed using the samples of each swath, the results are presented as the average between the respective elements. Each year in April, soil samples were collected from the sub-surface horizon (0-20 cm), air-dried and sieved through a 2 mm mesh, and subsamples were then stored in plastic bottles for further chemical analysis. Plant material was dried at 105°C, and then ground. The samples were mineralized following the wet chemistry method in concentrated HCl and HNO 3 at 3:1 in an multiwave sample preparation System Magnum II, Ertec (Wroclaw, Poland). The total content of Cu, Zn, Ni, Cr, Pb and Cd in tested plant and soil was determined with the ICP-OES Optima 3200RL, Perkin Elmer (Waltham, USA). In the soil samples, the following parameters were measured: pH -by potentiometric method after extraction in 1 mol KCl/dm 3 (soil:solution extraction ratio 1:2.5) using a pH meter HI pH 301 with electrode Hi 1131 Hanna Istruments (Póvoa de Varzim, Portugal); total carbon and total nitrogen-by dry combustion using a autoanalyser series II CHNS/O 2400, Perkin Elmer (Waltham, USA). The bioaccumulation factors (BF) of the trace elements were determined as the ratio of their content in plant dry matter (DM) and the total content in soil.
Meteorological conditions. The average monthly temperature in the consecutive vegetation seasons was comparable (15-15.8°C) and significantly higher compared to the multi-annual records. The average precipitation during the vegetation seasons was lower than the multi-annual sum, except for second year of the research, when it was slightly higher (by 15.5 mm) because of heavy rainfalls in August, which were three-fold higher than the multi-annual sum.
Statistical analysis. Results from chemical determinations were subjected to statistical analysis using analysis of variance Statistica 10 PL software (StatSoft Inc. 2014 ) and significant differences determined by the Tukey's test. The criterion for significance was set at P < 0.05.
RESULTS AND DISCUSSION
Dry matter yield of eastern galega obtained from plots fertilized with 15 N of the next three swaths and in subsequent years of the study are presented in Table 2 . Statistical calculations showed a significant increase in yield under the influence of nitrogen fertilization in early spring (average 29.7%) in relation to plots without fertilization. Indeed, the greatest total (three swaths) yield of dry weight of the test plant was obtained in the first Vol. 61, 2015, No. 1: 11-16 Plant Soil Environ.
doi: 10.17221/558/2014-PSE year of the study (10.92 t/ha). Eastern galega crop harvested in the next swath and years of research significantly reduced. The yield of the second cut was 2-fold, and the third swath 3.8 times smaller in relation to the first cut. Similar results were reported in studies Raig et al. (2001) . The applied nitrogen fertilization in the form of ammonium sulphate ( 15 (NH 4 ) 2 SO 4 ) at a dose of 1.66 g/m 2 , which corresponds to 16.6 kg N/ha, significantly reduced the content of Zn, Ni and Cd (the mean of three experimental years) in herbage eastern galega biomass (Table 3) . The statistical calculations only demonstrated a significant increase in the content of Cu under the influence of nitrogen fertilization. Analyzing the changes in the concentration of tested elements in the herbage eastern galega in the subsequent years of the studies, a significant reduction in the content was observed in the second year of the experiment (except for Ni) in relation to the results recorded in the first year of the study. This fact should be linked to meteorological conditions during the vegetation season in the second year of the studies and to the uptake of heavy metals with herbage eastern galega yields in the first year of the experiment. High temperatures and low precipitation during the vegetation season in the second year halted the uptake of Cu, Zn, Cr, Pb and Cd. For Fabaceae family i.e. eastern galega cultivation, Zn is very important in intensive process of biological N 2 reduction (Broos et al. 2005) . In the studies Baran and Jasiewicz (2009) Control -with no fertilization; N -nitrogen fertilization ( 15 NH 4 ) 2 SO 4 ; LSD -least significant difference; a -N fertilization; b -cuts; c -years of research; a × b, a × c, c × b -interaction DM) were determined. The bioaccumulation factors were 10 times higher (3.14-3.40). The measured concentrations of the selected heavy metals (except for Pb and Cd) were within the permissible limits for trace elements in feedstuffs specified by the Polish and European standards (Anke 1987 , Gorlach 1991 , Decree of Minister of Agriculture and Rural Development 2002). The main reason for the slight excess of Pb in herbage of eastern galega was anthropogenic pollution (dust emissions of industrial and traffic -tire wear) since the experimental plots were situated near a road with a low traffic intensity. Pelleted simple superphosphate (which contained a substantial amount of Cd) that had been used in the preceding year, had a direct impact on exceeding the borderline value (1 mg/kg DM) for permissible Cd concentration in plants destined to be used as feed materials. In the research of Spiak et al. (2004) ecologically grown plants were not free of heavy metals contamination, as over 15% of tested plants exceeded permissible cadmium level, similarly like in conventionally grown plants. Applied nitrogen fertilization significantly influenced the decrease (except Cr) of labelled elements in the biomass of the first cut eastern galega (Table 4 ). The contents of Cu, Zn, Ni and Cr were in the range of permissible values in plants intended for animal feed (Anke 1987 , Gorlach 1991 , Kabata-Pendias and Pendias 2001 . Tagged Pb content in all swaths slightly exceeded the legal limit, and for Cd it was exceeded in the biomass of the first and second cut. It must be assumed that in the case of Cd we deal with the exhaustion of this element from the soil. The biomass of the second and third cut had increased content of Cu, Ni, Cr and Pb and a decrease in Zn and Cd.
The applied nitrogen fertilization significantly influenced a reduction in the content of Cu, Zn and Cr in soil (Table 5 ). The determined content of Ni and Cd also showed an insignificant reduction. A significant increase generated by nitrogen fertilization was recorded only for Pb. It is supposed that in the case of Pb, an anthropogenic factor played the main role (dust emissions of industrial and traffic -tire wear). In the subsequent experimental years, the content of the analyzed elements in soil systematically decreased. It was associated with their uptake with herbage eastern galega yields.
The concentration of Pb and Cd determined in the second year of the studies increased in relation to the first year. Anthropogenic contamination of soil, meteorological conditions and low yields in the second year of the studies were the main reasons. Cadmium contamination of agricultural soils is expected to increase in the future, due to the prolonged application of Cd-containing phosphate fertilizers (Arduini et al. 2014) . The flooded soil have higher concentrations of heavy metals as compared to riverside soils (Vollmannová et al. 2011 ). Due to various anthropogenic activities, potentially toxic metals are accumulated in soils, with a risk of biota and groundwater contamination (Leszczyńska and Kwiatkowska-Malina 2011) .
The fertilization with ammonium sulphate generated a slight increase of bioaccumulation factors for Cu and Zn, yet a reduction for Pb and Cd (Table 6 ). The experimental factors (nitrogen fertilization Vol. 61, 2015, No. 1: 11-16 Plant Soil Environ. The values of the discussed BF in the subsequent years of the studies were diversified. The main reasons for these differences were changes in the content of the analyzed heavy metals in herbage eastern galega and soil. The values of indices were within permissible limits (Kloke et al. 1984) . The BF for Cd calculated for a control object in the first year of the studies exceeded 10 (permissible value) and was 11. The determined Cu, Zn, Ni and Cr content in herbage eastern galega harvested in subsequent Explanations as under Table 3 
